The plastic strain that will cause failure to the concrete slab at the point of impact extends a distance approximately half of the slab thickness of 36 inches. The plastic strain of failure for concrete is assumed to be 0.45%. The velocity response spectrum at the concrete slab next to HFlR vessel as a result of the impact is also obtained. The maximum spectral velocity is approximately 10 idsec. It is approximately equal to the maximum magnitude of the Oak Ridge velocity spectrum formulated recently with 0.269 peak ground acceleration and 5% damping. However, the peak ground acceleration that is associated with the impact generated response spectrum curve can be as much as 209. The high frequency acceleration waves are generated in impact problems, It is concluded that the damage caused by heavy load drop at loading station is controlled by the slab damage. The damage of slab will not be severe enough to cause the leakage of pool water.
.O INTRODUCTION
The purpose of this calculation is to evaluate the consequences of an accidental drop of a heavy container on the floor of the High Flux Isotope Reactor (HFIR) pool. The analysis is to estimate whether the impact caused by the drop may have the magnitude that is intense enough to damage the HFlR reactor vessel and its supporting legs. The total weight of the container and the contents is approximately 25,000 Ibs.
The problem is simplified to an equivalent twodimensional plane strain model. The model consists of the concrete slab and the concrete wall of the pool, the idealized heavy load, the HFlR vessel and its supporting leg. The total heavy load is idealized to an equivalent two-dimensional load. The two dimensional load is assumed to be the total load divided by the width of the container. The resulting twodimensional load is further reduced to 50%. The 50% reduction is assumed because of the three-dimensional effect of the reinforced concrete slab. To construct a twodimensional model, the total weight of the HFIR vessel is assumed to be distributed across the width of the lower portion of the vessel of 33 in. It is a conservative estimate of the two-dimensional weight of the vessel. The vessel weight is further approximately modeled by four lumped mass points attached along the vertical axis of the vessel. The lower vessel and the supporting legs are idealized by using equivalent steel beam elements.
The reinforced concrete slab and wall are assumed to be monolithic and homogeneous piece of solid. The solid is equally strong in tension as in compression. All the numerical calculations are performed by using ABAQUS computer code. Concrete failure strain is assumed to be 0.45% (ref. 1). Concrete density is assumed to be 145 Ib/ft3 and concrete yield stress is assumed to be 4 ksi (ref. 
COMPUTATION AND ANALYSIS
The impact solution of the drop problem by using ABAQUS computer code makes the assumption that the reinforced concrete is homogenous and capable to carry compressive stress as well as tensile stress. The twodimensional finite element model is shown in Fig. 1 Figure 2 shows the time history for the vertical displacement of the cask after it begins to contact the floor of the pool. It is seen that the impact begins at time equal to 0 sec and the object remains in contact to the slab until time equal to 0.004 sec. After 0.004 sec, the object begins to bounce back and separates from the slab. The yield stress is 36 ksi and the 20 ft drop will not damage the vessel and its legs.
d. Time historv solution of the resDonses at the surface of HFIR base slab
At the surface of the concrete slab where the HFlR reactor is located, the time history solution of the horizontal and vertical accelerations at node point 785 are shown in Figures 5a and 5b , respectively. Node point 785 is located on the surface of the concrete slab close to the lower vessel wall. It is observed that at the very early time, high frequency acceleration waves are generated at the wave fronts for both the horizontal and vertical components. It is a characteristic feature for the impact solutions.
e. Floor velocitv resDonse spectrum
The acceleration time histories shown in Figs. 5a and 5b are numerically integrated by using the following convolution integral:
In the above equation, 61 is the circular natural frequency of a simple one degree of freedom oscillator, C, is the damping ratio, and a(() is the ground acceleration time history. The equation of motion is:
The velocity spectrum is the maximum value of the integral x(t) over the time interval vs the natural frequency f defined as 61/21?. The horizontal and vertical spectra are plotted in Figs. 6a and 6b , respectively. 
Intemretation of the imDact aenerated resDonse sDectra
It is observed that both velocity spectra shown in Figs. 6a and 6b have the magnitude of approximately 10 idsec. The same order of magnitude is shown in the newly established Oak Ridge Spectrum (Fig. 7) with 0.269 peak ground acceleration and 5% damping. This means that the response spectrum generated by this impact has the intensity that is not more than the design spectrum that is Figs. 3 for the damage of the pool bottom concrete slab as a result of the heavy load impact indicates that approximately half of the concrete slab would be damaged after the drop of the GE cask. Figs. 4a and 4b , the impact induced stresses in the lower HFIR vessel wall and in the HFlR vessel supporting leg are both elastic. No damage of either part is expected.
SUMMARY OF RESULTS

The plot shown in
As shown in
3. The above two results imply that the damage as a result of GE cask drop is controlled by the slab damage described in part 1 shown above.
4. The floor velocity response spectra for Figs. 6a and 6b for the HFlR vessel supporting concrete slab has the magnitude approximately equal to the new Oak Ridge spectrum. The spectral velocity generated by the impact is no more then the design response spectrum. The Oak Ridge spectrum is formulated in compliance with the requirement of the DOE Standard, DOE-STD-1020-94.
